Purpose. To review the outcome of arthrodesis of the hallux metatarsophalangeal (MTP) joint in 23 patients. Methods. Records of 9 men and 14 women aged 27 to 88 (mean, 57) years who underwent arthrodesis of the hallux MTP joint using an intramedullary device and an intra-osseous device were reviewed. Indications for surgery were severe hallux valgus (n=15), hallux rigidus (n=6) and rheumatoid arthritis (n=2). Outcome measures included visual analogue score (VAS) for pain, the American Orthopaedic Foot and Ankle Society (AOFAS) hallux score, bone union, hallux valgus angle (HVA), dorsiflexion angle (DA), complications, revision, and patient satisfaction. 2016;24(3):358-61 had a well-aligned hallux. 21 (91%) of the patients achieved arthrodesis of the hallux MTP joint. The remaining 2 patients underwent revision surgery for failed fusion or infected non-union; they continued to have transfer metatarsalgia despite bone union. Conclusion. The intramedullary and intra-osseous devices for arthrodesis of the hallux MTP joint achieved good outcome in terms of AOFAS score, VAS for pain, HVA, DA, bone union, and patient satisfaction.
introduction
Arthrodesis of the hallux metatarsophalangeal (MTP) joint is a successful treatment in properly selected patients with hallux valgus, rheumatoid arthritis, hallux rigidus, hallux varus, post-traumatic arthritis, and is a salvage procedure for failed surgery or infection. [1] [2] [3] [4] [5] Proper preparation of the joint and a stable fixation are detrimental to achieve arthrodesis. 5, 6 The most commonly used implants are crossedscrews and plates. [6] [7] [8] An intra-osseous device enables minimal disturbance to the periosteal circulation and reduces the risk of hardware impingement. 9 This study reviewed the outcome of arthrodesis of the hallux MTP joint using an intramedullary device and an intra-osseous device in 23 patients.
Materials and Methods
Records of a consecutive series of 9 men and 14 women aged 27 to 88 (mean, 57) years who underwent arthrodesis of the hallux MTP joint using an intramedullary device (Hallux) and an intra-osseous device (IO FiX) [Extremity Medical, Parsippany (NJ), USA] that comprise a lag screw and an anchored post ( Fig. 1) between December 2011 and January 2015 by a single surgeon were reviewed. The indications for surgery were severe hallux valgus (n=15), hallux rigidus (n=6) and rheumatoid arthritis (n=2).
The patient was placed supine on a radiolucent table under regional or general anaesthesia. A thigh tourniquet was used. A dorsomedial incision was made over the MTP joint, and the base of the proximal phalanx and the metatarsal head were exposed. The articular surfaces were prepared for fusion as a concavo-convex shape using a cup and a cone rasp.
For the intramedullary device (Hallux), the medullary canal of the metatarsal was drilled over a guide wire. The appropriate-size screw with an eyelet was placed over the guide wire and buried into the metatarsal until the screw was flush with or slightly recessed below the cut surface of the first metatarsal. The metatarsal alignment guide was seated into the metatarsal screw, and a double-ended first guide wire was advanced through a guide and penetrated the cortex of the metatarsal. The guide wire was placed completely through the guide and medial cortex. The guide was then removed and the guide wire advanced until the joint could be reduced. The desired position of the phalanx was selected, and the guide wire was advanced across the MTP joint into the lateral cortex of the phalanx. Accurate placement of the guide wire was confirmed using fluoroscopy (Fig. 2) . A second guide wire was temporarily advanced across the MTP joint from the medial side of the proximal phalanx to the lateral side of the metatarsal. A dorsal window in the metatarsal cortex over the first guide wire was created using a 4.5-mm cannulated drill. The proper length of the lag screw was measured, and a lag screw was fully seated in the metatarsal implant.
For the intra-osseous device (IO FiX), the appropriate-size screw with an eyelet was placed in a medial-to-lateral fashion into the metatarsal head parallel and at a 5-10 mm distance from the joint line. It was inserted until flush with the cortex facing towards the intended fusion area to optimise the proper trajectory of the lag screw. The lag screw was inserted over a guide wire through the eyelet and the joint line.
Alignment of the implant and bone was confirmed using fluoroscopy (Fig. 2) . The recommended valgus angle was 15º, with 20º to 25º dorsiflexion to the shaft of the first metatarsal and neutral rotation. The capsule and skin were closed and a forefoot compression dressing was placed. Postoperatively, a C-slab was applied, and immediate heel weight bearing in a surgical shoe was allowed. After 6 to 12 weeks, unrestricted activity was allowed as long as bone union was evident on radiographs.
Outcome measures included visual analogue score (VAS) for pain, the American Orthopaedic Foot and Ankle Society (AOFAS) hallux score, bone union, hallux valgus angle (HVA), dorsiflexion angle (DA), complications, revision, and patient satisfaction. Bone union was defined as bony trabeculae crossing the arthrodesis area. HVA was the angle between a line parallel to the shaft of the metatarsal and a line parallel to the shaft of the proximal phalanx. DA was the angle between the axis of first metatarsal and the axis of the proximal phalanx of the great toe. Pre-and post-operative continuous variables were compared using the Student's t test. A p value of <0.05 was considered statistically significant. 21 (91%) of the patients achieved arthrodesis of the hallux MTP joint (Fig. 3) . The remaining 2 patients underwent revision surgery for failed fusion (the Hallux) or infected non-union (the IO FiX); they continued to have transfer metatarsalgia despite bone union. This was likely due to mal-union (HVA, 4º and 7º; DA, 28º and 32º). One of them had shortening of the first ray. Preoperatively, one patient had severe hallux valgus with muscle imbalance. Another patient had hallux rigidus, and the first metatarsal was forced dorsally, with decreased inclination angle on weight bearing (metatarsal elevatus).
discussion
Patient satisfaction after arthrodesis of the hallux MTP joint correlates with the final alignment and compression across the fusion area. 8, 9 The recommended HVA ranges from 5º to 30º (mean, 15º), 10, 11 and the recommended DA ranges from 10º to 40º, with 20º to 25º being the most recommended. 1 The most common complications are non-union, malunion, and hardware impingement of soft tissues. 5, 6, 12 The intramedullary and intra-osseous devices allow smaller exposure but do not allow adjustment after the implant is inserted (unlike plates and screws). It is important to temporarily stabilise the bones in the desired position using a pin before application of the implant. The key to achieve good outcome is to achieve the optimal DA of 20º to 25º. A tip is to place the screw with the eyelet with the laser marked arrow facing the intended fusion area and slightly dorsally. This enables the lag screw to be placed centrally into the phalangeal shaft.
The intramedullary and intra-osseous devices comprise a lag screw and an anchored post. The post is designed to distribute the compression force uniformly across the fusion site through a lag effect of the screw. Nonetheless, there is no biomechanical evidence that the lagging through the post is superior to the one-or 2-lag screw system. A smaller incision and periosteum stripping enables better preservation of blood supply, compared with plate constructs. In addition, the device is buried into the bone and causes less soft tissue irritation, whereas other constructs may cause soft tissue irritation and result in additional removal surgery.
In a biomechanical study of arthrodesis of the first metatarsocuneiform joint, the locked plantar plate was stronger and stiffer than the intramedullary and intra-osseous devices. 13 Nonetheless, the biomechanical behaviour of the MTP joint may differ to that of the metatarsocuneiform joint.
The 91% fusion rate in our series is comparable with that reported in the literature. 1, 6, 12, 14 Patient satisfaction for arthrodesis of the MTP joint varies from 78% to 93%, [15] [16] [17] which is comparable to 83% in our patients. The Hallux and IO FiX has been used for arthrodesis, osteotomy, and fracture repair of small bones and joints of the foot and ankle, with the advantages of 'zero profile', uniform compression, and stable fixation. 
